We have found abnormal fibrillin microfibrils isolated from tissues and cell cultures from two cousins with Marfan syndrome whose major clinical abnormality is bilateral ectopia lentis, but who also have skeletal involvement but no cardiovascular defects. Ultrastructural analysis ofciliary zonules showed the presence ofabundant loose microfibril bundles which in many places appeared disorganised. Microfibrils isolated from ciliary zonules and vitreous were highly fragmented when examined by rotary shadowing electron microscopy. Investigation of microfibrils elaborated by patient dermal fibroblasts showed remarkable variations in periodicity and packing. The synthesis and secretion of fibrillin by these cells was confirmed electrophoretically with the identification of metabolically labelled immunoprecipitated fibrillin (M1 300 000) in medium and cell layer compartments. These data show that fibrillin expression is normal but that assembled microfibrils are manifestly abnormal both morphologically and functionally. The occurrence of microfibrils with variable periodicities and susceptibility to fragmentation suggests that structural weakness is probably the primary cause of lens dislocation in these patients.
Abstract
We have found abnormal fibrillin microfibrils isolated from tissues and cell cultures from two cousins with Marfan syndrome whose major clinical abnormality is bilateral ectopia lentis, but who also have skeletal involvement but no cardiovascular defects. Ultrastructural analysis ofciliary zonules showed the presence ofabundant loose microfibril bundles which in many places appeared disorganised. Microfibrils isolated from ciliary zonules and vitreous were highly fragmented when examined by rotary shadowing electron microscopy. Investigation of microfibrils elaborated by patient dermal fibroblasts showed remarkable variations in periodicity and packing. The synthesis and secretion of fibrillin by these cells was confirmed electrophoretically with the identification of metabolically labelled immunoprecipitated fibrillin (M1 300 000) in medium and cell layer compartments. These data show that fibrillin expression is normal but that assembled microfibrils are manifestly abnormal both morphologically and functionally. The occurrence of microfibrils with variable periodicities and susceptibility to fragmentation suggests that structural weakness is probably the primary cause of lens dislocation in these patients.
( Med Genet 1995;32:1-6) Mutations in the FBN1 gene that encodes the glycoprotein fibrillin are responsible for Marfan syndrome, an autosomal dominant connective tissue disorder that affects cardiovascular and musculoskeletal systems and the eye. ' We have previously used a combination of biochemical and ultrastructural approaches to investigate how different fibrillin mutations influence microfibril formation and organisation. 2930 We have shown a range of microfibrillar abnormalities in a panel of Marfan patient cell lines and highlighted differences in fibrillin expression and aggregation between Marfan lines. In this study, we report the results of a similar strategy aimed at gaining insights into why certain fibrillin defects are particularly deleterious within the ocular system and predispose to lens dislocation. Using tissues and cells from two affected members of a three generation Marfan family, we have shown normal secretion and assembly offibrillin but identified structurally and functionally abnormal microfibrils. In this case, the fibrillin defect which manifests at the macromolecular level clearly underlies their ocular symptoms. (400 U/ml), streptomycin (50 mg/ml), and glutamine (200 mg/ml Transmission electron microscopy of ciliary zonules from patient ME showed the presence of abundant loose microfibril bundles (fig 1) . In some fields, the microfibril bundles were markedly disrupted in comparison with those observed in the control tissue ( fig 1A,B) , and the patient microfibrils had apparently fragmented in places. In cross section, the organisation of some of these bundles appeared similar to the unaffected control (fig  1 C,D electron microscopy, it became apparent that extensive fragmentation had occurred in the patient sample (fig 1E,F) . Very few intact microfibrils were observed, but there was evidence of numerous dissociated beaded domains. Visualisation of vitreous from ME and KC showed that, while fibrillin microfibrils were relatively scarce in this tissue, those present were also clearly disrupted (not shown).
CELL CULTURES
Dermal fibroblast cultures were established from both ME and KC in order to investigate these microfibrillar abnormalities further. Examination by rotary shadowing electron microscopy of high relative molecular mass material solubilised from postconfluent cell layers indicated that extensive and abundant microfibrils had been elaborated by control, ME, and KC cultures (fig 2) . The microfibrils present in control cultures were similar to those previously isolated from tissues and cells (fig 2A, B) .67 In marked contrast, microfibrils extracted from ME and KC cell layers were abnormal in several morphological respects (fig 2C-F) . In both cases, microfibrillar periodicity was markedly irregular along the microfibrils with areas of highly extended periodicity juxtaposed to contracted regions. In some cases, microfibrillar integrity had clearly been compromised within extended regions. While short microfibrillar arrays from both ME and KC both exhibited "fraying" in interbeaded domains, this was particularly apparent in the case of ME microfibrils. Furthermore, regions of KC microfibrils appeared poorly organised. The expression and deposition of fibrillin in ME and KC dermal fibroblast cultures was investigated after 16 hours or pulse chase metabolic labelling and immunoprecipitation of fibrillin from medium and cell layer fractions. De novo fibrillin synthesis was expressed as total counts incorporated into fibrillin (table) . The two lines synthesised comparable levels of fibrillin and in both cases the majority of newly synthesised fibrillin was deposited in the cell layer. Pulse chase experiments showed that fibrillin was present as a Mr 300 000 component which resolved as a doublet (fig 3) . With time, some of this component became incorporated into higher Mr aggregates. Interestingly, no monomers were detected in the cell layer at longer chase intervals. Continuous labelling highlighted a number of lower Mr fibrillin immunoreactive bands in the medium. The presence of these bands suggests that a portion of the newly synthesised fibrillin is catabolised and does not contribute to the formation of stable fibrillin aggregates.
Discussion
The relationship between defined mutations in FBN1, fibrillin defects, and clinical phenotype remains largely obscure despite the documentation of more than thirty mutations to date and the demonstration of a range of defects in the expression and assembly of fibrillin. Our results show conclusively that fibrillin microfibrils in these tissues are structurally and functionally abnormal. In view of the exclusively microfibrillar composition of the ciliary zonules, it appears likely that, in these patients, the microfibrils are unable to sustain their role in the dynamic suspension of the lens. In Marfan syndrome it is thought that ectopia lentis results from laxity of the zonular fibres since a good zonular complement is often observed in the area of dislocation.32 Interestingly, ultrastructural analyses have suggested that normal fibrillin microfibrils possess the capacity to extend and retract.8 In this study, we have shown markedly variable periodicity within isolated microfibrils suggesting that the normal molecular mechanism for sustaining microfibrillar periodicity is compromised in these patients.
Essentially normal function of the elastic tissues of these patients suggests that the capacity of their microfibrils to interact with elastin has not been affected by the causative mutation. It is interesting to speculate that the preferential expression of a second fibrillin locus (FBN2) in elastic tissues may in fact compensate for defective FBN 1 in these patients. The role of fibrillin in bone, and the influence of microfibrillar abnormalities on the skeletal systems of these patients remain to be defined. This is the first direct correlation of microfibrillar abnormalities manifest by patient cell cultures and tissues. Future studies will be directed to the association of defined mutations with ultrastructural abnormalities. 
